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Lay summary
In IVF, eggs and sperm are added together for fertilisation to occur whereas ICSI involves injecting a single sperm into each 
egg. ICSI is very effective where sperm count or swimming is poor (male infertility) but is slightly riskier than IVF in terms 
of health problems in children, although these risks are small. However, the risk of no eggs fertilising is higher for IVF 
compared to ICSI and couples undertaking fertility preservation, for example, before cancer treatment, usually only have 
time for one attempt. Using fertility preservation treatment cycle data reported to Human Fertilisation and Embryology 
Authority (HFEA), this study shows that ICSI results in higher number of fertilised eggs and embryos for storage or 
treatment compared to IVF. However, 19% of eggs are not used in ICSI treatment, so IVF appears to be better overall. 
Clinics should choose IVF or ICSI for fertility preservation depending on sperm characteristics rather than using ICSI for all.
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Intracytoplasmic sperm injection (ICSI) is highly 
effective for male factor infertility. However, its use for 
non-male factor infertility has increased dramatically 
worldwide in the last 2 decades despite little evidence 
demonstrating effectiveness in this population. The 
rationale for using ICSI is to reduce the risk of low or 
total failed fertilisation (TFF), thereby increasing the 
number of embryos and the potential for pregnancy 
and live birth (Bhattacharya et al. 2013). A meta-analysis 
(Johnson et al. 2013) of sibling oocyte studies reported 
a significantly higher pooled relative risk of TFF with 
IVF compared to ICSI. In contrast, more recent studies 
of infertile couples with non-male factor infertility 
show no difference in fertilisation, implantation or 
pregnancy rates (Li et al. 2018), even in poor responder 
patients (Sfontouris et  al. 2015) or advanced maternal 
age (Tannus et al. 2017).
Arguing against an approach of ICSI for all there is 
accumulating information on the health of offspring 
including, amongst others, increased risk of congenital 
malformations, chromosomal abnormalities and 
epigenetic syndromes compared to naturally conceived 
children (Davies et al. 2017, Xiong et al. 2017, Esteves et al. 
2018) and lower sperm concentration in male offspring 
(Belva et al. 2019).
Overall, TFF has been reported to complicate 1–3% 
ICSI and 5–8% IVF cycles (Swain & Pool 2008). This is 
particularly relevant for couples undertaking emergency 
fertility preservation who may only have one opportunity 
to create embryos. As such, there is a genuine debate 
regarding the correct approach to fertilisation for this 
particular group of patients: whether to apply IVF or 
ICSI depending on sperm characteristics or to undertake 
ICSI for all. In an attempt to resolve this dilemma, we 
analysed data provided by Human Fertilisation and 
Embryo Authority (HFEA). We present data for UK 
fertility preservation cycles 2015–2018 and 218,830 
oocytes retrieved (Table 1), with known insemination 
method, fertilisation and downstream embryo disposal 
(transferred, stored, donated). Fertilisation rate (FR) was 
calculated from the number of oocytes normally fertilised 
(2PN) divided by the number of inseminated oocytes (IVF) 
or the number of oocytes microinjected (ICSI). 
In total, 75,350 eggs were inseminated (IVF) and 
108,901 eggs were injected (ICSI). FR was significantly 
higher for ICSI compared to IVF (72.8% vs 64.9%; 
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P  < 0.00001). A significantly higher proportion of 
embryos resulted from ICSI per egg injected compared to 
IVF per egg inseminated (38.1% vs 34.0%; P  < 0.00001). 
However, 19.1% (27,008) eggs allocated to ICSI were not 
used, presumably due to immaturity or being otherwise 
unsuitable for injection, compared to only 2.4% (1878) 
eggs not used for IVF insemination. The percentage of 
embryos generated for treatment or storage from normally 
fertilised eggs (2PN) was identical between IVF and ICSI. 
Over 99% of all embryos were cryostored.
These data demonstrate that although a 7.9% higher 
FR is seen with ICSI compared to IVF, this does not 
compensate for the significantly higher proportion of eggs 
not used for microinjection, and we ,therefore recommend 
a strategy of IVF or ICSI depending on sperm characteristics 
rather than ICSI for all fertility preservation.
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